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For cell lethality as an endpoint, cell sensitivity to radiation varies as a
function of its stage in the cell cycle. This is the fourth major radiobiological
concept. In general, cells are most sensitive in the G2 phase or in mitosis,
and they are most resistant during the phase of DNA synthesis (Si66,
Ter63). In the case of mutagenesis, it appears, in some instances at least,
that the most sensitive phase of the cycle is GI. There is little or no
information concerning the variation of cellular sensitivity with the phase
of the cell cycle for oncogenic transformation in vitro.

The fifth concept is that the effect of a given dose may be influenced
greatly by the dose rate. The influence of the dose-rate effect has been
widely studied and is well established for cell lethality as an endpoint (Ha64,
Ha72). In general, the effectiveness of a given dose tends to decrease with
decreasing dose rate. In the case of low-LET radiations, the reduced
effectiveness of a dose delivered at low dose rates is a consequence of the
interaction of a number of factors, most notably the repair of sublethal
damage, the redistribution of the cells within the mitotic cycle, and the
compensatory cellular proliferation during a protracted exposure. In the
case of high-LET radiations, the dose-rate effect is much reduced, at least
those components of it that are a consequence of repair and redistribution.
These general considerations appear to be equally valid for mutagenesis
and carcinogenesis, although there is some evidence that for high-LET
radiations, protracting an exposure may lead to an increase in the induction
of cancer and mutations (Ha79, 80, He88, Hi84, Vo81, U184, and Fr77) in
some situations.

There is the important practical problem of allowing for dose-rate
effects in the analysis of site-specific cancer risks (see Chapter 4.) The
cumulative knowledge of dose rate factors in experimental radiobiology
was summarized in NCRP Report 64 (NCRP80) and has been discussed in
several reports of the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) concerned with risk estimates for the
carcinogenic effects of radiation (UN77, UN86). These reports noted that
any value from 2 to 10 for the extent to which a given dose of low-
LET radiation may be assumed to decrease in effectiveness at low dose
rates, could be rationalized on the basis of experiments with laboratory
animals, but suggested a factor of 2.5 for use in risk assessment for human
leukemia at low doses and dose rates. They further suggested that this
risk be multiplied by 5 to get the risk for all cancers. There are scant
human data that allow an estimate of the dose-rate effectiveness factor
(DREF). If the apparently nonlinear dose-incidence curve for leukemia
in atomic bomb survivors (see Chapter 5) is assumed to reflect a linear
quadratic relationship between the incidence and the dose, the contribution
of the quadratic dose term can be expected to be reduced at low doses
and low dose rates. According to this interpretation, fitting linear and